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Intrcduction

The purpose of this study is to find better ways of evaluation
of weather satellite data as well as to propose new satellite instru-
mentations.

The use of the 18 Ge/s thermal emission for the discriminaticn
betirien rzin clouds and ocean was first discussed in:

Konrad J. K. Buettner, Naturwiss, 50:591, 1963 and:

Konrad J. K. Buettner in: W. W. Kellogg, K. J. X. Buetther, and
Z. C. May, RAND Memorandum RM 4392-NiSA, December 1964,

William Kreiss describes the construction of the instrument necded
for this task.

The importance of infravred emissivity for sateliite data evaluation
is éiscussed in:

Xonrad J. K. Buettner and Clifford D. KXern, Science, 142:671, 1363

Konrad J. K. Buettner and Clifford D. Kern, Jourﬁal of Geophysical
Research, 70:1329, 1965 and above mentioned Rand reports.

Surface temperatures depend on the heat iﬂput and on its thermal
contact coefficient. Studies on this coefficient have starfed in order
to describe models of surface temperatures.

As the postscriptum indicates, emissivity problems exist aiso for

the 4y window.
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Microwave Study

W. T. Kreiss

"he first phase of this study has becn devoted to the design and
construction of a radiometer to support theoretical efforts. At this
tiae, corsipuction has progressed to the final stazes, cnd it is expected
That benph testing'and czlibratica will bégi£ within a month. A tentative
progren of field tests has been driwn up Sor establishirg the operc.ionsl
characzteristics of the radiometer

Details of Radiometer Design

Foo the purposé of this study it was decided that the design of the
radisneter be kept as simple as possible with ample leeway for modification

and Lmprovement. The initial model is therefore a dual channel, totsl power

[al)
Ite

radicieter and its major componknts are shown in the following figure.

A vaouzh this description uses commen terminology it will be clarified in

the follcwing discussion.

The cperating frequency of this radiometer is specified nominally by
the :réquency of the local oscillator which is 18.8 ge/s with provisicn
for varying this frequency ! 1 ge/s. The intermediate frequency (i) of
this radiometer is 30 me/s with a bandwidth of 8 mc/s. Since there is
no selcetivity preceeding the mixer the instrument responds to signals

within two bands (channels) with center frequencies spaced 30 me/s on

_either side of the local oscillat.y frequency of width 8 me/s. Compared

to the frzquency of the local oscillztor the separation of these bands

is small so that responmse to broadband noise is eflectively that of a
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16 mo/s band centered at 18.8 gc)s.

Total power refers to {he faét that tﬁé radiometer is not switched
alterrately between the signal éﬁd a référeﬁce source, but that U
signal is present at all times. As the diagram irdicates the calibrator
is alzo connected at all times, ﬁowevef, the calibration signal is
éwitched off except for periodic calibrations. With this arrangenent
the calibration circuitry contributes about 30°K to thc system noise
tempevature. The range of calibration temperatufes is'apj:¢zimately' 
36-1130°K. |

“Wo entennze ave pi&vided for use with this radiometer. A 205
horn antenna to be use& for emissiviti neasurcments of various ;nrface;
and a 42 irnch parabolic reflector fed with a 10db pick-up horn (combined
gain of 5Cdb) for rain field and atmospheric radiation studies.

The receiver provides additjonal gain at the IF frequency end
incorporztes the detector ciréuit; in the output of the detector circuit
provision is made for changing the time constant of the radicmeter which
initially will be of the order of one second. The output of the detec.or
will be monitored with an oscilloscope and recorded on strip chari.

Ca.culations of the performance indicate that the radiometer should
have an overall noise‘temperature of about 3500°K, oul ut fluctuations
of sbout 5°K and, with the parabolic antemna, a sensitivity of the corder of
10'10 watts mfz. Determinations of the exact fipures will be made during
fhc beneh testing phase.

Field Festing

Arong the uses for which this radiometer is being built are the
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cbservation of rain fields and determination of the emissivities of soils.
vegetation, and.water. Prior to general field use a number of eupcwiments
are scheduled which are intended to establish the operatioral characier-
istics of the radiometer. These tests include observing the sun, which at

!

8.8 ge/s should appear close to 6000°K, the sky radiation from the

'

zenith to the horizon, and a number of materials under controlled conaiiicns.
An interesting posSibility for simulating a rain field is pres<nted
by the Drumheller fountain on our campus. Due to its>qulti-nozzle.
conetoruction a very dense field of drcpiets with a wide~drop size spectrun
is pooduced. It appears to be possible to observé both the thermal
raciation emitted by tﬁe drioplets ahd the attentuation of signals trans-
nitted through the fountain. Determination of the droplet size spectrum
will be obtained by direct means with the aid of personnel in our cloud
physics group.‘

Upcn completion and evaluation of these tests an effort to observe

“hernal emission from natural rain fields will be made.
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Infrared Studies

Kristina Katsaros

During the summer months of 1964 the new model of the "emissivity
box" was completed (see Buettner and Kern, 1955). It now has an electri-
cally heated aluminum 1id ﬁi%ﬁ V-Shéﬁed grcoves,ané is spray-painted
with Parson's black. A thermostat control keeps the temperature withia
0.52°C. Thre reflecting side mirrors are replaced by an eiectrically gold-
plated brass cylinder, and the two sliding mirrors are likewise of golid-

plated brass.

Eastarn Washington Emissivity Studies

L7ter the new apparatus was assembled and tested, it was taken on
field trips to Ginko National Yonument near Vantage on the Columbia River
in Zastern Washington and to the Hanford area, farther down the Columbia
in Zzctern Washington, where emissivities for the 8-12 micron yindow were
measured for various natural surface materials.

¥ineral identification for the materials studied at Hanford was
supplied by R. E. Brown, Senior Geologist, Geochemical and CGeophysiceal
Research Chemical Effluents Technology, Chemical Laboratory, Hanford.

The Hanford materials were in brief described the following way.

Sand dunes South Hanford: well sorted 0.2-0.5 mm grains; 80% quabtz,
15% clinopyroxenes and hormblende.

Bcnson's Ranch Sediments, contzin 87.2% Sand (greater than 60 ., 10%
silt {62-2y), 2.8% clay (less than 2p). Mineral analysis gave sand fractlowu .-

75% quertz, 10% feldspar; silt fractions: 50% quartz, 30% feldspar;
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clay fractions: 1.0% quartz, 20% mica, 20% kaolinite.

Cable Mountain silt: similér to Benson's Ranch silt but coarser,
0.05-1 mm grains; 50% quartz, 30% clincpyroxecnes.

Gable Mountain basalt rock: Plagioclzse feldspar 35%, augite 30%,
basalt glass 30%. The results obtained are given in Tabel I.

TABLE I

8-12 micron emissivities from Edstern Washington fiéld trips August-
Septembeor 1684%. Iz the calcuiafions black 1id emissivitf‘of 98.5% and gold
mizecrenissivity of 2% were used. Emissivity and standard deviatiocn of the
nurser of readings taﬁen are given; The readiﬁgs_Were all taken wlith the
emissivity box in ihe same spot; thus variétioﬁs éetween readings represent

human and instrumehtal uncertainties rather than sample variations.

' Number of
Ginko zrea, August 26, 27 1964 Em. St. Dev. Readings
Giuke Heticnazl Monument, dry grass and 99.1 0.65 8
loaves , natural surface '
Same zs above with vegetation scraped off 99.5 0.39 &
A red lava rock with leichen growing on it  99.2 0.63 4
Sand dune near Wanapum Dam 97.4 0.73 10
Hanford, Scptember 3, 4 1964
Sand dunes south of Hanford g7.4 0.97 10
S8and d&unes south of Handord, different site 94.6 l.4 9
Benson®s Ranch sediments, undisturbed 98.4 0.67 10
. Benson's Ranch sediments, top soil 98.5 0.63 7
scraped off
Gable Mountain silt, top soil scraped off 96.7 0.80 }
Gable Mountain basalt rock 96.1 0.50 5
Neighboring broken up basalt rock, large Very close to 100% estimated
cavities between them from record. ‘
Kame ond Kettle, glacial deposits near >99% estimated from recoxd.

Columbia River, scme vegzciation
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; Zependency of Radiant Power on viewing angle

As a parenthesis I would like to mention an interesting observation
foom the visit to Hanford. The 8-12 micron Barnes radiometer was taken
to the top of a 400! tower and pointed to circuler arcs marked on the
ground 100 m apart to the North of the tower. The terrain is very unifornm,
level ground covered with short grass, which was dry in September, and:

small sage brush. As the radiometer viewing point advanced outwards from

the tower the equivalent black bo r temperature aecreased markedly. “his
was ropeated several times with same result (see fig. l):~ Calculaticns

show the atmospheric effect due to increased path length to be ne gligible.
; (Air emperature averaged 85°F, dewpoint temperature averaged 43°F during

time of measurement, 1500 P.S.T.) The observed temperature decrease could

b2 duz to the radiometer viewing different parts of the bushes and grasses

&s the angie—:ncreases~—~eiose*t0wtne tower'more rocks -and- gravel are -

being viewcd than further out, and at this time they are undoubtedly

warmer than the vegetation; but the temperature variation is 8°C, wiich i
large if we compare it with temperature gradients of 2°C found by Marlatt
(2) on a clump of grass at Pawnee Grassland in January 1965. The signi-

-

ficance of the influence of the viewing angle for satellite determinations

cf comparable surface temperatures may need further consideration.




-

Tizure 1. Equivalent black body temperature as observed from top of
400' tower. .

0 100 200 300 400 500 600 700 800 meters
1. 44,0 44,0 40.5 39.5 37.5 . 37.0 36.8 36.0
2, = 43,8 40.5 - 38.5 36.5 36.0 35.5 35.0

3. 53.5 43.0 0.5 40.8 37.5 37.0  36.5 35.5
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Toosh Valley - Amargosa Emissivity Studies

in January 1965 thevBafﬁes IT-2 was recalibrated and‘tﬁé gold nirrors
reguilded in anticipation of a field trip to Death Valley with a group
from Colorado State University under William Marlatt working under NASA
contract.

The reflectivity of the géid mirrors wés detgrmined with the Barnes
usirg a black body cavity of melting icé and "looking" with the Barnes
ot the cavity direct and via the gold mlrror, which was heated to v“_Lou;
te*:;:a;uﬁcs. The goldplate em1331v1ty was found to be 1.7% (Spectro-
eter measurements will not be accurate since the brass mirrors are
not optically flat.)

The participation in the Death Valley-Amargosa Desert study gave
the vresulis given in Table II. The geologic names have been supplied by
¢ geologist at this department, K. Bennington. The characterizations
were ziven after only a superficial look at each sample. Marlatt is
having the samples analyzed spectrographically, so the names are given
cnly for purpose of recognition. .

We had intended to obtain emissivities for 10-11 micron as wel' as
8-12 micron areas, using a C.S.U. Baruzs with 10-11 filter. The resolu-
tion on C.S.U, recorder was not satisfactory for emissivity determinations,
but in three cases the data seemed fairly good, so they were included.

TABLE 1I
Emissivities obtained at field study under William Marlait of Colorado
ltate University in Death Valley, California and neighboring Amargosa
BDeeert, Nevada, February 12-19, 1965. Laboratory emissivity results on
samples from the same areas (April 1, 15, 1965). For these calculations

black lid emissivity of 99% and gold mirror emissivity o 1.7% were used.
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Discussion of IR Emissivity Results

There are quite large deviations in a few cases between laboratory .
znd field work. One has to consider that by the time the sample has
Leen shipped and placed in the sample pan it may not really represent
the netural surface anymore. The rocks oh the desert de velcp a special
ten surface through weathering calied "desert varnish" waich nay have a

ifferent emissivity than the bottom surface. For the Amapgosa material

[A)

-

The cilt zad spread over the Yocks in trensportation and brushing and

washing t:ie top rocks gave the following change in em1ssxv1ty

Numbey of
- Em. 8t. Dev, Readings
Amargosa materials 97.9 0.20 10
Amargosa material, 87.3 0.57 4
other sample :
Amargosa material, 28.5 0.52 6
brushed off
Amargosa material, 98.6 0.41 4

washed clean on top

Since I used different values of the emiséivity of the black 2:id
(EB) and the gold mirror 1id (EM) for the Eastern Washington and Tcath
Valley studies the effect of 1id emissivities on calculated surface
emissivity is given here. The apparatus was unchanged. It was only the
assunred values of EB and EM that were changed. vOne set of data
{Monterey Sand) was run on the computer with different values of ED
and EM. 4s can be seen from the following data a small change in EB

and ZM has only a slight effect on calculatéd surface emissivity.



e
b

b3 ;?'*<'5!nrrr rarp nmﬂirﬂ!

EB% EU% ES%

96.00 ~1.00 © 92,15
962-0'0 4.G0 92.03
a7.00 3.00 91.9%
88.00 2.00 91.85
93,00 1.00 91.75
99.0 4,00 $1.63

The large deviations of the 'grzy rocks" emissivity ob*ained in
the lubosatory by just shaking the pan with the sample, shows that spot
Ceverninations of emissivity camnot without care be used as regional
averages. For a gravel material it undoubtedly is dependent on ﬁhether
the radiometer is viewing a cavity between pebbles or a‘larger flat »ock.

Some interesting results ware obtained in the laboratory in regard
to eaissivity of sodium chloride. Coarse graired salt (1-2 mm graias)
of wock-soit was relatively black in the "wl.dcw" while finer grained
salt was hizghly reflective. This Is undoubtedly a parallel to the
process of diffuse reflection of short wave rediation by snow, which is
transmitting in short wavelengths as NaCl is in the IR. The result: ave

shown in Table III together with data on gypsium and potasium chloride.



TABLE I1I
Emissivitics in the 8 - 12 migroh‘windéw obtaingd in fﬁé 1abbratory
April 27, 28, 1963. Black 1id emissivity of 99% and gold mirror
emissivity of 1.7% déed in the calculations.

Number of

!

Em, St. Dev. Readings

Sodium chloride, regular 72.5 0.5 6
table salt, 270-360u
cubic crystals.

Sodiia chloride, Baker's 57.0 1.3 5
recgent, 100-400u cubic
crrstals.,

Coarse sodium chloride, 2-5 mm 98.8 0.01 2
crystals, milky surface.

The above rinsed and dried, 97.5 0.5 5
shiny crystals.

Coarse sodium chloride ground $2.1 1.2 8
te 50-1000u grains.

Coarse sodium chloride ground 85.0 0.7 6
to 10-400n groins.

Calcium sulphate, Baker's a8.8 0.3 2
reazent powder,

Calcium sulphate wetted and 95.6 .4 6
dried in oven, yellowish
surface.

The above with the yellowish  $2.9 0.4 6
surfaece scraped off.

Pota.  lum chloride, Baker's 50.4 1.1 6
reagent, crystal.

Calcium chloride, anhydrous, 79.4 0.8 6
% mesh recagent.

Potassium sulphate, powder 89.2 0.8 5

reagent.
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Thermn) Contract Coafficient Measurement

In connection with emissivity measurements we have had to worry

about the effect of heating of the surface as it is exposed to the

vy

lack 1id of the émissivity box. The reader is referded to éarslow
and Jaeger (3) p. 56 for the theovetidal backgiound: e consider e
eerth's surface to be 3 semi-infinite solid of ipitial teﬁperatﬁre
zero. fThe flux of heat is supplied to the top surface {x = 0) as 2
orescribed function of time, in our case solap radiatién, which is

cor Idersd constant. The surface 1o be studied is observed with 2

farnes I17-2. The net heat input is determined as total solar radizticn

‘minus sky radiation minus albedo. The total incoming radiation is

m2ad by the unshaded pyrheliometer, the sky radiation by blocking out
the sun and the albedo by turning the pyrheliometer upside down. The

solution for the temperature change at the earth's surface is

207t

lepcp

AT = (1)
T temperature change, t timerincrement, Q net heat input,
A = thermal conductivity, p = density, cP = specific heat.

With T, t and Q measured, ¢§3€;} the so called Y"thermal contact
coefficient”" may be determined., A computer program for this calculation
was written by one of our graduate students, Phil Duchemin, as a term.
project.

Two sets of data were used, one obtcined at Benson's Ranch, Hanford,

and one on gravel material outside tiic Atmospheric Sciences Depaviicut.



University of Washingten cawpus. The units of the "thersmal contact
2 -1 -if2

coefficient" ave in cal cm - dez  sec .
Thermal Contact Coefficient St. Dev.
ha 3 2 e -2 -3
Zernzcon's Ranch silt 1.31 = 10 1.1 x 10
a 3 . . ‘.2 LY -2
Atmospheric Sciences gravel 3.1 x 10 0.5 x 10

Comnaping the above with the thermal contact coefficient of granite

and ¢2nd as determined from values ¢f A, 5 and cP given in the Handbook

0

f Physics and Chemistry we see that the results are reasonable. Cranite
gives apnroximately 5 x 10‘2, sand approximately 1.4 % 1052 ééﬁé;éﬁits
as abo%e.

“his cemposite constant can thus be determined with this simple
exverimental sét—up. For further investigation a more reliable heas T
scunce than fhe sun in Seattle should be developed. The outgeirng IR
odlction does of course increase as the temperature increases. This

was not teken imto account in the calculation, but the resulls show the

effect. Neither was the emissivity considered when using the Barnes

]

eadings of tcmperature.

uture Plans

0
[

We ave at present considering the effects of waves and oil ox «
lzke or ocean surface in changing the equivalent black body radiation,
which would be observed by a satellite above. The eifect of the sca-
state is duve to water and oil emissivitice being functions of the angle

of cnission (and not following Leuiert's cosine law). Thus there wculd

be & greoier fraction of sky reflection in a siznal from a rovgh sea.
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In addition the sky IR intensity is a function of zenith angle and of
course cloud conditions. The effect is undoubtedly small, but
according to G. C, Ewing (4) the requirements on remote sensing -
ocean surface temperatures are quite stringent.

The investigation will be done by computer_models, and by experi-
mentel determinations of reflectivity of pure and salt water, and of
various oils occurring on the ocean surface. The reflec?ivifies will
be found as functions of wavelengths and incidence angle on . :ckman

IR-8 Specirograph with gpecial c.rachments. The radiation temperature

of the sky at various zenith distances can be obtained for the 8-12

micron window with the Barnes IT-2.
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Postscriptum
Some New Icdeas for NIMBUS use
Konrad J. K. Buettner
After O. Reinkober (Ann. Physik, 34:343, 1911) quartz is quite
permeadble for A<#.8u with a reflectivity o feﬁ per cent. Quartz sand
and quartz dust should therefore for A~4u behave like snow to visible

adlation. Its 4u albedo could be substanitial. The high albedo at bu

*5

is expected to increase with the degree of g_,pe031on of matter contrary
':’

o the behzvior of 9-10u where Reststrahlen causoﬂqu high albedo only

s lorng as the particles are large compared to A. Note that at S-10n

quartz ils not permeable at all.

A siuilar effect can be anticipated for all finely dispersed ma:erlals.

of sufficlent transparency around Uy, e.g. salts and snow. Whereas the
£-12: deviztion stems mainly from a sharp but small quartz reststrahlen

band near 9.5u, the 4y deviation would more or less cover the whole
window.

The 4p night picture of Western Europe, méde by NIMBUS I, has been
rechecked. Discernible are the Ruhr Valley (1-2 grey shades) waich
forms a triangle, the Cologne area south of it, the middle Rhine (some-
what uncertain), the Belgian industry area (1 grey shade), and the dartz
liountains.

With our present lack of data on 4u emissivity it would be futile <o
speculate about the role of € in this case. Cities at clear nights are
2-3°C warmer than the country. This difference,measured at eye levcl,

is probably larger at the surface since city climatic stations will rarely



)
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enjoy a perfectly free exposure o sutgoing radiation. Maybe a differ-
ence of 5°K can be accounted this way.
We may add to this the effect of smog .iad inversion. If the
inversion layer is 10°K warmer than the ground and if its 4u transmissivity
iz 50% we would gain another 5%K for the observed satellite tcuperature.
Direct test using PbSe . ._.ctive cells, filter for 4u, and the
e¢alssivity box are planned. In the meantime, however, éata of € can be
cstimated from HIMBUS daytime 4u pictures. ‘
igure 1 of "Nimbus I High Resolution Radiaticn Data Catalog &nc
Users Manual," Vol. I. shows Central America at daytime vda the up filfer.
c.. sealevel surfaces will emit as 300°K bedies or 0.2 watt m-2jster‘l.
The sun if fully and diffusely reflected would create about 1.6 W m-2 ster-l.
he sum of both‘signals is vecorded: Signal = €B (Tyg) = (1-¢)Sun.
~1l open waters e#cept for the glare under the sun are dark, since
v.is> these angles the water reflex is minute. High clouds show a moderate
rightness caused exclusively by solar reflex since their emission is
smaller than 0.0S5.
Exceedingly bright are sea level deserts, jungles, and low clouds,

beth from a combination of solar reflex and emission. The areas meantioned

are:
1. Jungles both sides of the Orinoco, S5°N 68°W; the lMzgdalena Valley
5 at 7°3 7u°W; and the upper Amazon basin.
Z. T.e Buajira Desert at 12°N 72°W.
3. Low clouds north of Colombia and $.E. of hurricane Dora.

Cpen lcowlands such as Cuba reflect more than the ocean but less

than jungle, sand or low clouds.
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The € of snow cannot be guessed this way: Scme daytime runs of

Antarctica and Greenland are on vrecord. The sun is of course only a few

Gegrees abov. the horizon. But these areas show very low sigr "=,

This work will be going on after detailed information cn NIMBUS
deta has arrived.

More daytime data of future NIMBUS flights are wanted.
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